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that a coolant may circulate therethrough from a source 
3,189,535 not shown. 
MEANS AND METHOD OF DEPOSITING THIN 
FILMS ON SUBSTRATES The shaft section 8 is provided with a collar 10 above 
Ja,nes E. Webb, of the Nntionn, Aero- the cooling coil 9 which supports a lower heat shield 11. 
nautics spnce Administration, with respect to an 5 The upper end of the shaft section 8 is reduced in 
invention of Hubert Erpenbach diameter and externally screw threaded to receive a n  
Filed Apr. 18, 1962, Ser. No. 188,594 adapter sleeve 12. An upper heat shield 13 is loosely 
6 Claims. (CI. 20-98) retained between the upper end of the shaft 8 and the 
adapter 12. 
This invention relates to means and method of deposit- 10 Secured within the upper end of the adapter sleeve 12 
ing thin films on substrates, and included in the objects is a ceramic extension 14 which projects vertically there- 
of this invention are: above. Its upper extremitive is provided with a cavity 
First, to provide a means and method of depositing 15 which preferably defines a spherical segment. The 
thin films on substrates which is particularly adapted to upper end of the ceramic extension 14 is adapted to sup- 
effect uniform deposition of thin metallic films of re- 13 port in stable equilibrium a spherical workpiece W .  
fractory metal on ceramic spheres at high temperatures. A second mounting post 16 extends upwardly in the 
Second, to provide a means and method of this class bell jar 2, that is provided with a laterally extending 
wherein the film itself may be applied by one of several lead 17, the ends of which are connected to and sup- 
techniques such as sublimation, electronic bombardment, port a split band 18 in the form of cylinder disposed at  
thermal evaporation, or sputtering. 20 concentrically around the workpiece W. The band is 
Third, to provide a means and method of this class formed of o r  is coated with the metal which is to be 
wherein the ceramic sphere to be coated is vibrated and deposited on the workpiece W. 
caused to rotate in a random manner so as to effect an Operation of the apparatus shown in FIGURES 1 
even coating. through 4 is as follows: 
Fourth, to provide a means and method of coating 25 A spherical workpiece preferably formed of a non- 
ceramic spheres which are adapted to effect coating of conducting ceramic material is placed on the u p p r  end 
the sphere with niobium. of the ceramic extension 14. It  is preferred that the 
With the above and other objects in view, as may ap- workpiece have a smooth void free surface. 
pear hereinafter, reference is directed to the accompany- The material from which the workpiece is formed de- 
ing drawings in which: :io pends upon the use of which it is to be put. For exam- 
FIGURE 1 is a diagrammatical view illustrating a bell ple, it is desirable in the field of cryogenics to use a syn- jar, and showing one means of depositing thin films on thetic sapphire and coat the sapphire with a metal, such 
substrates; as niobium, usable under cryogenic conditions. The 
FIGURE 2 is an enlarged, partial sectional view, par- band 18 in this case is formed of niobium. 
tial elevational view, taken through 2-2 of FIGURE 1; 33 After the workpiece W and the band 18 have been 
FIGURE 3 is an enlarged, detailed sectional view properly positioned, the bell jar is set in place and a high 
taken within circle 3 of FIGURE 2, showing the work- vacuum is established within the bell jar. Current is 
piece, its support, and the surrounding means for effect- then applied to the metal band suffciently to  raise its 
ing deposition of a metallic film on the workpiece; temperature to a point near melting point of the metal 
FIGURE 4 is a view similar to  FIGURE 3 indicating 40 so that there is produced within the cylindrical space 
diagrammatically the zone of the workpiece which would defined by the band, an amosphere rich in the vapor 
be coated were it not for the vibration of the work- of the metal from which the band is formed. 
piece; If the workpiece remained stationary within the metal 
FIGURE 5 is a fragmentary, diagrammatical view sim- 45 vapor zone established by the band, a corregponding zone 
ilar to FIGURES 1 and 4, showing a modified means for coating W1 of the workpiece would occur as shown in 
effecting coating of the workpiece in which the coating FIGURE 4. However, the solenoid coil is energized to 
is effected by electron bombardment; cause vertical vibration of the armature and the ceramic 
FIGURE 6 is a similar fragmentary, diagrammatical extension 14 connected therewith. This causes the ce- 
view illustrating the arrangement to effect thermal evapo- 50 ramic workpiece W to vibrate and to move randomly. 
ration of a metal to be deposited; and The random movement of the workpiece is enhanced 
FIGURE 7 is a similar diagrammatical view illustrat- by the fact that the upper heat shield 1 3  is loosely sup- 
jng the arrangement utilized for sputtering the coated ported which tends to produce lateral components of vi- 
metal. bration. By reason of the random movement of the 
Reference is first directed to FIGURES 1, 2, 3 and 4. 55 workpiece, all surfaces are coated and a remarkably uni- 
The apparatus here illustrated is in the nature of labora- form coating W 2  is obtained- 
tory apparatus to simplify the illustration. The appa- Reference is now directed to FIGURE 5. Due to the 
ratus includes a base 1 on which is sealably fitted a bell fact that the workpiece is caused vibrate and 
jar 2, a mounting post extends into the bell jar and ' randomly around its center, other means may be utilized 
carries a laterally extending bracket 4 which supports 60 to effect a coating. Thus as in 5* 
a solenoid coil 5. the coating may be perfected by electronic bombard- 
ment. More specifically an anode 19 formed of the mate- The solenoid coil 5 receives an armature 6, the ends 
rial to be evaporated on the workpiece is 
of which are attached to nonmagnetic shaft sections 7 above the workpiece. Between the anode 19 and the 
and 8. The proportions of the solenoid coil and arms- 65 workpiece there is provided a focusing coil 20 surrounded 
ture are such that when alternating current is applied by a ,hieid 21. 1f the workpiece w did not 
to the solenoid coil, the armature 6 is caused to vibrate the upper surface ~3 only would be coated as 
vertically. The mounting Post 3 may also carry the con- cated in FIGURE 5. However, by reason of the ran- 
ductors for supplying current to the solenoid coil 4. dom vibration of the workpiece about its center, all por- 
A cooling coil 9 surrounds the shaft section 8 above 70 tions are uniformly coated. 
the solenoid coil 5, this cooling coil is in the form of a Reference is now directed to FIGURE 6.  Instead 
tube. The ends of which extend outside the bell jar so of resistance heating of the material to be deposited on 
I 
3,168,636 q 
3 4 . - 
the workpiece, a grid heater 22 may be provided on (b) and said trensfotming means includes a cathode 
which are placed small bits of thc material to be evapo- formed of the material to be deposited, pnd a focus- 
rated on the workpiece as indicated by 23. Heat is ap- ing means for directing electrons from said cathode 
plied to the grid heater lo raise the material to be dc- to said workpiece. 
posited to or near its melting point so as to create an 5 4. Means for depositing thin metallic films on spheres 
atmosphere therebelow rich in the vapors of this mate- as set forth in claim 1 wherein: 
rial. Again due to the vibration of the workpiece all (a) said workpiece and transforming means is disposed 
surfaces become coated. , r in evacuated enclosure; 
Reference is directed to AGURE 7. In this construc- (b) and said transforming means includes a heater in 
tion a sputtering technique is employed in which an 10 proximity to said workpiece and in contact with said 
anode 24 formed of the material to be deposited is placed metal to effect thermal evaporation thereof. 
above the workpiece and a cathode rmg 25 is located t. Means for depositing thin metallic dlms on spheres 
below. as set forth in claim 1 wherein: 
In utilizing the techniques indicated in the various (a) said workpiece and transforming means is disposed 
figures, appropriate vacuum pressures are maintained 15 in evacuated enclosme; 
within the bell jar and the atmosphere remaining is formed (b) and said transfarming means includes a cathode 
of an appropriate gas or gases. famed of the metal t o  be deposited, and confront- 
While what hereinbefore has been described as the pre- h g  the workpiece, and an anode surrounding said 
ferred embodiment of this invention, it is readily apparent supporting rod. 
that alterations and modifications may be resorted to 20 6. Means for deposition of thin m e t d c  films on 
without departing from the scope of this in\*eation and spheres, comprising: 
such alterations and modifications are intended to be in- (a) a vertically dispod supporting rod mcessed at 
cluded within the scope of the appended claims. its upper end to support a spherical workpkw with 
What is claimed is: the major surface of the workpiece exposed above 
1. Means for depositing thin metallic films on spheres, 25 the supporting rod; 
comprising: (b) means for wirating said rad dong a vertical axis, 
(a) a vertically disposed supporting rod recessed at its (c) a disk loasely retained by the upper portion of , 
upper end to support a spherical workpiece with the said rod to c a w ,  as said rod is viirated, lateral com- 
major surface of the workpiece exposed above the ponents of vibration w M y  the upper end of said 1 
supporting rod; 30 mi viirates randomly, thereby to cause random ro- 
(b) means for vibrating said rod thereby to vibrate tation of said workpiece in its recess; 1 - 
said workpiece to cause random rotation thereof on (d) an enclosure for said workpiece rod and vibrat- 
said supporting rod; ing means, said enclosure adapted to be evacuated; 
(c) and means for transforming a metal into a state (e) and means for transforming a metal into a state 
capable of deposition and causing said metal to de- 35 capable of deposition and causing said metal to de- 
posit on the surface of said randomly rotating work- posit on the surface of said randomly rotating work- 
piece. piece. 
2. Means for depositing thin metallic films on spheres 
as set forth in claim 1, wherein: References Cited by tbe haminer . 
(a) said workpiece and transforming means is disposed 40 UNllTD STATES PATENTS 
in a high vacuum enclosure; 1,916,492 7/33 Scharht , 2 0 6 2 2 2  (b) and said transforming means a band of 2,305,758 12/42 et aL ----,-, 204 192 
the metal to be deposited surr0und-h said spherical 2,&2%30.1 u~~ &der et al. ,,,,,, 11,-107.1 
workpiece, means for heating said metal to evaporate 45 2,960,427 11/60 ( a~  --- -----,- 204.492 
the surface wheTeby an atmosphere Of the 3,108,900 10/63 Papp ,-,,- 204-192 
vaporized metal is established around the workpiece. 
3. Means for depositing thin metallic films on spheres FOREIGN PATENTS 
set forth in claim 1 wherein: 366,401 2/32 Great Britain. 
(a) said workpiece and transforming means is disposed 
in evacuated enclosure; JOHN H. MACK, Prinurry Examiner. 
